solution and finally with distilled water. Plant material was oven-dried at 70ºC, ground 147 and passed through a 500 µm stainless steel sieve. A 0.5 g aliquot was digested by wet 148 oxidation with concentrated HNO 3 under pressure in a microwave digester (Jones and 149 Case, 1990) . Three consecutive steps (5 min. each) of power (250 W, 450 W and 600 150 W) were applied, and then these extracts were diluted to 50 ml volume with deoinised 151 water of 18 mΩ quality. The analysis of trace metals in the digests was performed by 152 ICP-MS. The accuracy and precision of the analytical method were assessed by routine 153
analyses of the reference sample CRM-279 (Sea lettuce) and CS DC73350 (poplar 154 leaves). Recovery rates for reference plant samples were between 90 and 110%. 155 156
Treatment of analytical data 157
Quantitative assessment of overall soil pollution was based on the pollution load 158 index (PLI), as defined by Tomlinson et al., (1980) , taking into consideration the 159 concentration factor (CF), which is the ratio between each trace element in the soil and 160 its background value. The PLI of each soil sample was calculated by deriving the n-th 161 root of the n factors (CF 1 xCF 2 xCF 3 x...CFn). Thus, values of PLI close to one indicate 162 heavy metal loads near the background level, while values >1 indicate soil pollution 163 (Cabrera et al., 1999) . 164
In order to find out what proportion of the total soil metal concentration was 165 available and transferred to different organs of the vegetables grown by the 166 smallholders, the transfer coefficient (TC) was calculated. This is defined as the ratio of 167 metal concentration in the plant, [M] plant, to the total metal concentration in the soil, 168
[M]soil (Adriano, 2001) . 169
The data was statistically analysed using StatSoft Statistica 7.0 to recognize 171 variables trends and groupings. Kolmogorov-Smirnov and Shapiro-Wilk"s normality 172 tests were carried out for all variables, refusing the normal distribution for almost all of 173 them. Because the variables required a non-parametric analyses, a Spearman correlation 174 matrix (significance level p<0.01) was obtained, correlating total trace element contents 175 in soils with those measured in soil extracts and plants. 176 177
Results and discussion 178

Soil constituents and properties 179
The upper part of the soil profile shows a well-developed organic horizon with 180 granular structure and had similar edaphic properties in all the sampled soils (Table 2) . 181
The soil is brown (10YR 5/3, 10YR 6/3 dry) in colour and has a silty loam texture with 182 <10% of clay-sized particles. Some soil samples contain significant amounts of coarse-183 grained components (greater than 2 mm), consisting of sub-angular lithic fragments of 184 heterogeneous waste rocks and slag residues. 185
The soil had an average pH value of 7.4, and electrical conductivity ranged 186 between 0.15 and 0.95 mS cm -1 , indicating a low salinity level in the soil solution.
The 187 soil appears to be well drained and aerated spanning a narrow range of positive Eh 188 values (457-505 mV) that reflect moderately oxidizing conditions. 189
The soil has a high content of total organic matter (8. 
Total concentrations of trace elements in soil 200
The sampled soils contained high levels of As, Cu, Pb and Zn (Table 3) , 201 although total concentrations varied, depending on the location of the sampling plot 202 (Figure 1) Iberian Pyrite Belt (López et al., 2008; Fernández-Caliani et al. 2009a) . 207
The total concentrations of As, Cu, Pb and Zn in these soils are between one and 208 two orders of magnitude above both the regional geochemical baseline (Galán et al. 209 2008) and normal levels found in Spanish agricultural soils (López-Arias and Grau-210 Corbí, 2005) . Furthermore, these values greatly exceed the maximum allowable 211 concentrations for agricultural soils established by the Regional Government of 212 Andalusia (Aguilar et al., 1999) . This indicates potential health risks associated with 213 consuming edible crops grown in these soils. 214
The Concentration Factor, CF, defined as the ratio between each trace element in 215 the soil sample and its background value (50 th percentile), was particularly elevated for 216
As (up to 24.8), Cu (up to 23.5), and Pb (up to 63.0), indicating soil pollution. The 217 lowest CF values were found for Zn, although the ratio was higher than 1 for all 218 samples. Pollution load indices (PLI) at each plot are shown in (Menzies et al., 2007) . 234
The mean water-soluble and CaCl 2 -extractable concentrations of As, Cu, Pb and 235
Zn were found to be less than 1 mg kg -1 in all the agricultural plots (Table 3) , whereas 236 the EDTA-extracted mean concentrations were higher, and varied widely depending on 237 the trace element involved (2.9-7.2 mg kg -1 for As, 22.3-32.6 mg kg -1 for Cu, 46.4-95.8 238 mg kg -1 for Pb, and 17.8-20.3 mg kg -1 for Zn). Accordingly, the mobile and very active 239 metal fraction was practically negligible (lower than 0.22%), and the EDTA-extractable 240 fraction was below 10% (Figure 2 ), indicating a limited potential mobility of all 241 elements despite their high total concentrations in soil. No significant correlation was 242 observed between the extractable concentrations and the total concentrations in soil for 243 all the investigated elements, suggesting that the pollution load did not have anoticeable effect on the proportion of water soluble, exchangeable and complexed 245 fractions. These results are in good agreement with previous studies on soils from this 246 area (Barba-Brioso et al., 2007; Chopin and Alloway, 2007a,b) . 247
In general, trace elements showed the following order of relative abundance in 248 the mobile fraction: As > Cu > Zn > Pb. Therefore, As seems to be the most easily 249 extractable trace element in soil. This can be explained by the fact that, under 250 circumneutral pH conditions, As mobility can be increased in soils (Hartley et al., 251 2004) . Arsenic usually forms water-soluble oxyanion species which are repelled by the 252 negatively-charged surfaces of soil particles, thus preventing the adsorption of As 253 oxyanions. A further finding supports our assumption: As concentration up to 138 g L -254 1 compared to much lower to Cu and Zn concentrations (< 5 g L -1 ) were measured in 255 groundwater from a nearby well (unpublished data); the guideline value for As 256 irrigation water is 0.1 mg L -1 (FAO, 1985) . On the other hand, the low extractability of 257
Pb with water and CaCl 2 indicated that this trace element was more strongly bound to 258 constituents of the soil than As, Zn, and Cu. 259
Differences between elemental concentrations removed by the 3 extractants 260
show that each provides different information on the metal status of the tested soils. As 261 EDTA is a chelating agent that extracts elements by forming complexes with cations, it 262 can access trace elements associated with stable binding sites within the soil matrix. The 263 higher extractability of trace elements with EDTA (Table 3) 
compared with water and 264
CaCl 2 extraction could be due to EDTA removing trace elements bound to organic 265 matter (soil OM contents were between 8 and 15%, Table 2 ). 266
Speciation of trace elements in soils is mainly related to pH (McLaughlin et al., 267 2000) . Although there were no correlation patterns between pH and extractable trace 268 elements, the low extractability of Cu and Zn compared to their total concentrationscould also be related to the neutral pH of the soil (Madejón et al., 2009) . Correlations 270 between pH and both water and CaCl 2 extraction were significant (P<0.01) for As 271 (r H2O = 0.59 and r CaCl2 = 0.62), Cu (r H2O = 0.49 and r CaCl2 = 0.52) and Pb (r H2O = 0.60 and 272 r CaCl2 = 0.82). Significant correlations between pH and EDTA extraction were only found 273 for Zn (r= 0.34). 274 275
Trace element content of plants 276
The elements that most commonly produce concerns about food safety are Cd, 277
Hg, Pb, As and Se (Reilly, 1991) . In addition, some micronutrients (e.g. Cu, Cr, Ni, Zn) 278 may be toxic to both plants and animals when present at high concentrations 279 (McLaughlin et al., 1999) . Of the trace elements investigated here, As is considered to 280 pose the major risk for human food-chain contamination (Kabata-Pendias and Pendias, 281
1999, 2001). 282
Trace element content of onion bulb differed; this could be related depending on 283 the stage of development when bulbs were sampled. In young onions bulbs, As 284 concentration reached values up to 23.5 mg kg -1 (above the statutory limits, Table 4 ). 285
When the onion ripened and increased its biomass, this concentration decreased, 286
analysis showing values below the statutory limit. This could be related to a "dilution 287 effect" of elements due to biomass increase with no concomitant increase in trace 288 element uptake; this has been previously considered in the literature (e.g. Jarrel and 289
Beverly 1981). Leafy vegetables such lettuce and chard are classified as crops with a 290 high potential for trace element transfer from soil to the edible foliage (Pillay and 291 Jonnalagadda, 2007), however Juhasz et al. (2008) found that such vegetables were poor 292
As accumulators. In the case of the lettuces and chard sampled here, As contents in the 293 edible leaves were within normal and statutory levels for vegetables. It is interesting tonote that the highest As concentrations were found in roots and outer leaves of lettuce 295 (the most external dark green leaves), both non-edible parts of this vegetable (Figure 4) . 296
Plants showed similar patterns of Pb uptake and partitioning as found for As; 297 maximum contents in roots, up to 51.8 mg kg -1 in onions (Table 4) and 13 mg kg -1 in 298 lettuce (Figure 4 ). This is in agreement with other observations on Pb uptake and 299 distribution in plants (Adriano, 2001) . In these soils, the soil-plant barrier may act to 300 protect the human food chain against Pb toxicity (Chaney, 1989) . Similar results for As 301
and Pb uptake in onion and lettuce were reported by Lim et al. (2008) . The effect of 302 biomass increase in onions was also evident, bulbs of young onions showed Pb contents 303 up to 8 mg kg -1 in the edible part, but in ripe onions Pb content decreased to values 304 below statutory levels (Table 4 ). This reflects the nature of bulb development, with 305 biomass added as a result of carbohydrate transport from leaves. The Pb content of 306 lettuce and chard foliage was also below statutory limits. There were also no age-307 dependant differences in Pb distribution in mature lettuce heads: the older, outer leaves 308 had very similar Pb content to their less mature counterparts in the centre of the head 309 (Figure 4) . 310
The concentrations of As and Pb detected in whole potatoes, peel and tuber, 311
were negligible (0.1 mg kg -1 ). There was no evidence of As contamination in potato 312 tubers, which is in agreement with other findings (Dahal et al. 2008 lettuce were detected in the inner leaves (Figure 4) , so the distribution patterns of both 328 micronutrients were different from those found for As and Pb. 329
The relatively high concentrations of Cu in onion leaves, lettuce and chard could 
0.46). Correlation coefficients for each species could be only calculated for young 355
onions, lettuce and chard. There were significant correlations between As in lettuce 356 leaves and EDTA extractable As (r= 0.86) and chard leaves and pH (r= -0.87). For Pb, 357 significant negative correlations were found between lettuce and chard and total soil Pb 358 content; this may be indicative of a non-soil pollution source (wind-blown dust). 359
Significant soil-plant correlations for Cu were found for lettuce and chard and for total, 360 EDTA and CaCl 2 extraction concentrations, but these are less robust due to the low 361 number of samples. 362
The soil-plant transfer coefficients were calculated for As, Cu, Pb and Zn ( Table  363 5). The transfer factors may depend not only on plant species, but also on the element 364 concentration and bioavailability in soil (Huang et al., 2006) . The values calculated 365 were, in general, very low, especially in the case of As and Pb, and in the different 366 tissues of lemon and potato that were analyzed. It has been observed that transfer factors 367 tended to decrease with increasing soil concentrations (Alan et al., 2003) . In the case ofonions, the high As TC in roots, (TC= 3.03) coupled with the greatly reduced transfer to 369 aerial parts (TC= 0.03) and bulb (TC= 0.001) would indicate that the As accumulated in 370 root tissues. In case of Cu and Zn, TC were always low, with maximum values found in 371 onion roots (TC= 0.15 for Cu and 0.18 for Zn). Similar results were found for other 372 plants growing in multi-element polluted soils by Madejón et al. (2007) . The present 373 results imply that there is a low transfer of pollutants from these soils to primary 374 producers. 375 376
Conclusions 377
There are several conclusions that can be drawn from this study: 378
First: There is limited soil-plant transfer of potentially hazardous trace elements (As, 379
Cu, Pb, Zn) to selected vegetables and fruit cultivated on a mine-polluted soil. One 380 reason may be the current management practices employed on the agricultural small 381 holdings under investigation such as regular inputs of organic matter and lime to 382 maintain soil pH close to neutrality. EDTA in soil growing young onion (C1, C3, C4, C5), ripe onion (C2), lettuce (L1, L2, 542 L3), chard (A1, A2, A3), lemon (S5), and potato (S12). 543 Table 3 . Mean and standard deviation of the total trace element concentrations and pollution load index (PLI) and trace elements extracted with deionised water, CaCl 2 and EDTA. All values are expressed in mg kg -1 . Number of samples (n) appears in brackets. Statutory limits*** 1.00 -1.00 
